ν as (COO-) and ν s (COO-) in the IR spectra of the studied complex are shifted to higher and lower wavenumbers, respectively, compared to the corresponding ones in IR spectra of sodium salt; ∆ν(COO-) complex >> ∆ν(COO-) sodium salt.
Ishioka and co-workers studied correlations between wavenumbers of the ν as (COO -), ν s (COO -) vibrations from the IR spectrum of zinc acetate and the type of carboxylate group coordination. They suggested that additional parameters should be taken into account, namely the band wavenumbers assigned to deforming in-plane vibrations of carboxylate group: β as (COO -) and β s (COO -) [7] . This proposition resulted from very little difference between the location of ν as (COO -) and ν s (COO -) bands in the IR spectra of hydrated and anhydrous zinc acetate, which caused a small value of the parameter, Δν(COO -), i.e., 113 cm -1 for hydrated and 118 cm -1 for anhydrous compounds. Whereas the difference in the location of β(COO -) bands is considerable (50 cm -1 ) and, according to the authors, it is a crucial factor that enables distinguishing of the two different types of metal coordination present in anhydrous and hydrated zinc acetate, i.e., bidentate bridging and bidentate chelating, respectively. IR spectra were recorded with an Equinox 55 spectrometer (Bruker) within the range of 400-4000 cm -1 . Samples in the solid state were measured in KBr matrix pellets obtained with hydraulic press under 739 MPa pressure. Moreover, FT-IR spectra of the studied compounds were registered by the use of ATR accessory. Raman spectra of solid samples in capillary tubes were recorded in the range of 100-4000 cm -1 with a FT-Raman accessory of a Perkin -Elmer system 2000. The resolution of the spectrometer was 1 cm -1 .
Experimental procedure

Magnetic susceptibilities of polycrystalline samples of o-, m-and p-AB of Cu(II); o-, m-and p-MB of Cu(II);
and o-, m-and p-NB of Cu(II) were measured in the temperature range of 76-303 K by the Gouy method using a sensitive Cahn RM-2 balance. The samples were placed in a long cylindrical tube which was suspended from an analytical balance. The sample tube was positioned between the poles of the magnet such that one its ends was in the region of homogeneous field and the other end was in the region of zero field. The force exerted on the sample was a function of the volume occupied by the sample in the field gradient. This force may be written in scalar form as a function of the isotropic volume susceptibility. Measurements were carried out at a magnetic field strength of 9.9 kOe. The calibrant employed was Hg[Co(SCN) 4 ], for which the magnetic susceptibility was assumed to be 1.644×10 -5 cm 3 g -1 . Corrections for diamagnetism of the calibrant atoms were calculated by the use of Pascal's constants [8, 9] . Magnetic moments were calculated from Eq. 1:
(1)
In the current paper, not all questions connected with the structure of copper(II) complexes were answered. In the further analysis of the electronic charge distribution in the studied molecules, the following methods will be applied: EPR spectroscopy, electronic absorption spectroscopy UV/VIS, and quantum-mechanical calculations. In case of problems with monocrystal synthesis, powder diffraction will be used.
Results and discussion
Spectroscopic studies
Band wavenumbers from FT-IR and FT-Raman spectra of amino-, methoxy-and nitrobenzoic acids as well as copper(II) and sodium amino-, methoxy-and nitrobenzoates were gathered in Table 1 . The exemplary FT-IR and FT-Raman spectra of o-aminobenzoic acid are shown on Fig. 1 . The assignments were done on the basis of literature [10, 11] and published -yet quantummechanical -calculations performed in the Gaussian program [12] . The applied nomenclature corresponds to the numbering used by Varsányi [13] .
In the spectra of aminobenzoic acids and copper(II) and sodium aminobenzoates, bands assigned to stretching vibrations of -NH 2 were present in the range 3500-3100 cm -1 . In the spectra of sodium and copper compounds, these bands were considerably shifted to lower wavenumbers compared with the corresponding bands from spectra of acids. Movement of the ν(NH 2 ) band toward lower wavenumbers indicates participation of the amino group in metal complexation. Changes in the location of the ν(NH 2 ) bands were significantly bigger (about 100-200 cm -1 ) in the spectra of copper complexes than in those of sodium salts. This is caused by higher stability of copper(II) aminobenzoate complexes than sodium aminobenzoates. Bands derived from deforming vibrations of the amino group, β(NH 2 ) and γ(NH 2 ), were present in a similar range of wavenumbers. The location of bands assigned to stretching vibrations of the carboxylate group depends on the type of metal coordination [6] . On the basis of spectroscopic criteria, the type of copper(II) coordination may be discussed. (Fig. 2) . Different types of metal ion coordination for copper(II) o-AB molecule may be caused by the form of studied compound, i.e., literature data were obtained for crystal form, whereas in this work, a powder structure was examined.
Copper(II) complex formation causes changes in the electronic charge distribution in the aromatic ring of aminobenzoates. This entailed an alteration in the location of aromatic band vibrations in the spectra of complexes in comparison with the spectra of ligand. Namely, in the IR and Raman spectra of copper(II) complex, bands no. 18b, 5, 4, 6a, 16b (o-AB);. 13, 9b, 18b, 7b, 10a, 19a, 19b, 7a, 10a , and 1 (p-AB) were considerably (>10 cm -1 ) shifted in comparison with corresponding bands in the spectra of aminobenzoic acids.
On the basis of IR spectra of copper(II) and sodium methoxybenzoates, one may suppose that in copper(II) o-MB, the carboxylate group is bidentate bridging
ν as (COO -) and ν s (COO -) bands were shifted toward lower wavenumbers in the spectrum of the copper complex compared with the spectrum of sodium salt). Literature crystallographic data for copper(II) o-MB were found that show bidentate bridging structure of the carboxylate group as well in this molecule (Fig. 3) [15]. However, it should be noted that in this work, the anhydrous structure was studied, whereas the literature data concern the hydrated compound. In the series of spectra of compounds (methoxybenzoic acid → sodium methoxybenzoate → copper(II) methoxybenzoate), the displacement of bands assigned to the stretching vibration of methoxy group -ν as (CH 3 ) -toward lower wavenumbers was observed. It showed that the oxygen atom from the -OCH 3 group takes part in copper ion coordination. Moreover, one can see visible changes in the location of bands derived from aromatic ring vibrations in the spectra of complexes compared with the spectra of acid. Specifically, the bands no. 3, 18a, 6a (copper o-MB), 14, 18a, 17a, 11, 6b (copper m-MB) and 14, 18a, 17a, 11, 6b (copper p-MB) underwent movement of more than 10 cm -1 in the spectra of methoxybenzoates, compared with the spectra of acid.
Using It should be stressed that spectroscopic criteria should be applied with caution. For example, in the FT-IR spectra of binary palladium carboxylates, Pd 3 (µ-RCO 2 ) 6 , the values of Δν(COO -) vary from 160 to 200 cm -1 (depending on R) but the type of coordination remains the same (i.e., bridging coordination evidenced from X-ray data) [19] . Another example -on the basis In the FT-IR spectra, o-nitrobenzoates and nitrobenzoic acid bands of -NO 2 group vibrations are located at similar wavenumbers. However, in the spectra of m-and p-nitrobenzoates, bands assigned to -NO 2 vibrations, especially the ν as (NO 2 ) band, undergo distinct movement compared with the spectrum of nitrobenzoic acids. The differences between the location of ν as (NO 2 ) in the spectra of p-nitrobenzoates and p-nitrobenzoic acid are: 47 cm -1 (Na) and 27 cm -1 (Cu). It suggests that p-NBA molecules participate in strong hydrogen bonds that are broken when complexes are formed. Comparing the position of bands derived from aromatic ring vibrations, one may observe the changes in the electronic charge distribution in molecules caused by ionic and covalent bond formation in sodium salt and copper complex, respectively. This tendency is more visible in the spectrum of sodium o-NB than m-and p-NBs. Among bands that are significantly shifted toward lower wavenumbers (or disappear) in the spectra of sodium o-, m-and p-nitrobenzoates compared with the spectrum of appropriate nitrobenzoic acids are: 19a, 19b, 18a and 9a. However, comparing the spectra of copper(II) nitrobenzoates and nitrobenzoic acids, the most significant changes (>10 cm -1 ) are observed in the location of the following bands: 18b, 13, 8b and 1 (o-NB); 19b and 11 (m-NB); 9a, 8a, 8b, 7a and 4 (p-NB).
The effect of copper and sodium ions on the electronic charge distribution in the aromatic ring is weak. Number, wavenumbers and intensity of corresponding bands derived from aromatic ring vibrations in the IR and Raman spectra of copper and sodium compounds as well as ligand do not differ significantly from each other. After further detailed analysis of these slight differences some systematic changes can be observed. Coordination of the copper ion to the studied ligands caused smaller perturbation of the electronic charge distribution in the aromatic ring than formation of sodium salt. Number, wavenumbers and intensity of most of the bands assigned to the aromatic ring vibrations is higher (and similar to that in the spectra of ligand) for copper complexes than sodium salts. The sodium ion forms an ionic bond with the ligand whereas copper(II) ion forms a partially covalent bond. Formation of bidentate bridging and bidentate chelating structures with copper(II) ion (like in case of MB and NB molecules) is related to higher symmetrization of the electronic charge in the carboxylate anion (in comparison with the ionic and monodentate structures in sodium salts).
Higher symmetrization of the bidentate chelating structure as compared to monodentate results from the equalization of bond order in the carboxylate group. Therefore, in case of complexes with copper(II) ion (in comparison with sodium salts), a higher delocalization of the electronic charge distribution in the aromatic ring together with more uniform distribution of electronic charge in the carboxylate anion can occur. On the other hand, formation of an ionic bond (which is connected with a division of the electronic charge in COO -like in sodium salts) caused a perturbation of the electronic system in the aromatic ring.
Similar, but more distinct changes were observed in our other papers [27] [28] [29] . Studies on different complexes with carboxylic aromatic acids revealed that metal ions with small ionic potential (the ratio of an ion charge to its radius) like Ag(I), Hg(I), Hg(II), Cd(II), alkali metal ions disturb the uniform electronic charge distribution in the aromatic ring whereas metal ions with high ionic potential, like Cr(III), Fe(III), Y(III), Al(III) and Ln(II), stabilize it. Delocalization of the electronic charge in 'd' and 'f' orbitals (3d element and lanthanide ions) favours delocalization of the electronic charge in the carboxylic group and delocalization of the π electrons in the aromatic ring. On the contrary, formation of the ionic bond between alkali metal ions and the carboxylic anion causes bond polarization, division of the electronic charge and perturbation of the aromatic system.
Magnetic studies
The interpretation of magnetic measurement results allows the mono-and dimeric structures of compounds to be distinguished [19, 20] . The monomeric molecules of Cu(II) compouds typically have magnetic moment values greater than 1.7 μ β while for those in the dimer form, the values are less than 1.7 μ β (Tables 2 and 3 Table 2 ). The magnetic moment values calculated for those compounds are similar, in the range of 1.78 μ β (76 K)-1.85 μ β (303 K). From the analysis of the obtained data it follows that o-methoxybenzoate of Cu(II) belongs to the molecular antiferromagnets. The properties of antiferromagnets result from the magnetic superexchange between two Cu(II) centres being conjugated by bridged carboxylate groups. As a consequence of the spin-spin coupling in these complexes on the Cu(II) centres, two states -singlet and triplet -are formed [19] [20] [21] . Singlet or triplet states describe the electronic multiplicity expressed by the formula 2S+1, in which S is the spin number for all electrons in atom taking values: 0, 1/2, 1, 3/2 and 2. Therefore when S=0, then 2S+1=1 indicates the singlet state which means that electrons in the atom are paired. The doublet state takes place when S=1/2. It is typical for atoms having one unpaired electron. When S=1, then the triplet state typical for atoms with two unpaired electrons appears. The singlet-triplet energetic interval is equal to the double exchange parameter J value. The exchangeable interaction of the two metallic ions with half spins is described by the Heisenberg-Dirac-Van Vleck Hamiltonian [20, 21] . In the dimer Cu(II) carboxylate, the singlet-triplet energetic interval value is comparable with kT (k-Boltzman constant, T-absolute temperature) which indicates that not all Cu(II) ions are in the ground state; some are in the excited ones. Therefore, in the Cu(II) dimer in the higher temperatures, the electrons occupying both singlet and triplet states are placed mainly in the latter. The dimer magnetic moment value for one magnetic centre is within the range of 0-1.73 μ β . The magnetic moment value reaches its maximum at room temperature. With its lowering, the filling of the triplet state decreases, and, in the sufficiently low temperature typical for dimer, it shows the magnetic moment value being equal to 0. o-Methoxybenzoate of Cu(II) belongs to the molecular antiferromagnets. The electron distributions in the ligand in this type of complex depend on the number of unpaired electrons of the metal. The bond between metal orbitals containing only one unpaired electron and the pure p orbital of ligand consists of the pairing of the unpaired electron of the first metal with that of opposite spin in the p orbital. The pairing of the second electron in the p orbital with a d electron of the second metal takes place when that last one has an opposite spin compared to the d of the first metal. As a result, the two metal ions are antiferromagnetically conjugated by ligand. 
Conclusion
On the basis of spectroscopic and magnetic data the following conclusions are derived:
(1) Copper ion tends to form with amino-, methoxy and nitrobenzoate ligands monodentate structures (copper AB), bidentate bridging (copper o-MB and o-and p-NB) as well as bidentate chelating (copper m-NB), whereas for sodium salts, ionic or monodentate structures dominate.
(2) Copper ion can coordinate amino-, methoxy and nitrobenzoates also through functional groups, especially -NH 2 , as well as -OCH 3 and -NO 2 . This was proved by considerable changes in the wavenumbers of bands assigned to the mentioned groups in the IR and Raman spectra of appropriate acids and salts.
Magnetic study revealed that in the copper(II) o-methoxybenzoate, the antiferromagnetic interaction appears between magnetic centres, nitrobenzoates of Cu(II) show paramagnetic properties, while the other copper(II) complexes show them as ferromagnetic.
